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Specifications 



1 . Title of the Invention 

Method for Production of a Semiconductor Device 



2. Scope of the Patent Claims 

(1) A method" for production of a semiconductor device comprising the steps of: 

holding a semiconductor silicon wafer in a first temperature region of 450°C to 600°C for 8 
hours or less; 

raising temperature from the first temperature region to a second temperature region of 750°C to 

900°at a rate of 5°C/minute; 

holding temperature in this second temperature region for 4 hours or less; and 

forming an epitaxial layer upon the surface of this semiconductor silicon wafer after completion of 

holding at the second temperature region. 
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3. Detailed Explanation of the Invention 
[Field of Industrial Use] 

The present invention relates to a method for production of a semiconductor device. In 
particular, the present invention relates a method for production of a semiconductor device using 
intrinsic gettering technology (referred to hereinafter as IG) for removal of impurities, etc. in a wafer 
prior to carrying out 'epitaxial' layer growth upon the semiconductor silicon wafer surface. 

[Conventional Technology] 

Technology has been disclosed for production of a semiconductor silicon wafer for performance 
of epitaxial growth upon the surface of the semiconductor silicon wafer. For example, as disclosed in 
Publication of Examined Patent Application No. Sho 62-16537, oxygen precipitate nuclei which act as 
gettering sites are formed in the wafer surface layer in the vicinity of the device formation region, and 
the impurity gettering effect is increased. An important point for this earlier technology is that defects 
gather at the surface of the wafer prior to performance of epitaxial growth, so that due to heat 
treatment, this method is capable of omission of a polishing step (previously required prior to epitaxial 
growth). 

[Problems to be Solved by the Invention] 

However, according to the above mentioned earlier technology, after a heat treatment step at 
1000°C to 1300°C, many defects are generated within the wafer that have growth considerably. Since 
the size of these defects is above a critical diameter capable of dissolution in the temperature range 
(1 100°C to 1200°C) of the subsequent epitaxial growth step, such defects are left behind without 
further treatment, and propagation to the epitaxial layer takes place. The so-called epitaxial stacking 
fault phenomenon occurs. This results in the generation of defective products. 

[Means to Solve the Problems] 

In order to solve the above mentioned deficiencies of the conventional technology, a method for 
production of a semiconductor device comprises the steps of: holding a semiconductor silicon wafer in 
a first temperature region of 450°C to 600°C for 8 hours or less; raising temperature from the first 
temperature region to a second temperature region of 750°C to 900° at a rate of 5°C/minute: holding 
temperature in this second temperature region for 4 hours or less; and forming an epitaxial layer upon 
die-surface of-this-semiconductor-s& — 
region. 

[Operation of the Invention] 

Since the second temperature range of the present invention is set to 750°C to 900°C, size of the 
formed defects is stopped at the radius capable of outward diffusion and dissolution at the temperature 
range of the subsequent epitaxial step. Therefore dissolution and outward diffusion of defects occurs 
during the epitaxial step. By this means, a defect layer of about 10 jum thickness is formed upon the 
wafer surface beneath the interface with the epitaxial layer. 

In the above mentioned manner, if the second temperature range is set to the conventional 
1000°C to 1300°C, growth of defects occurring in the semiconductor wafer would proceed beyond 
the critical radius, and dissolution wouldn't occur in the environment of the subsequent epitaxial step, 
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so that there would be considerable risk that propagation of remnant defects wouldn't be stopped 
during epitaxial growth. In contrast, the second temperature range of 750°C to 900°C adopted for the 
present invention doesn't allow sufficient growth of defects generated throughout the entire wafer, so 
that dissolution occurs in the environment of the subsequent epitaxial growth step, and defects in the 
vicinity of the surface finally diffuse to the wafer exterior. 

In this manner, the present invention uses the environment of the epitaxial growth step to " 
simultaneously form the epitaxial layer together with the defect free layer. - 

Furthermore, the first temperature range (450°C to 600°C) is important as the temperature for 
forming the oxygen precipitate nuclei that become the nuclei of defects. Since maintenance of defect 
density is required, and since this density reaches near equilibrium at 8 hours, further holding at this 
temperature is unnecessary. The second temperature range of 750°C to 900°C is a temperature range 
that is adopted in order not to grow formed defects beyond the critical radius. Heating up to this - 
temperature range at a rate of 5°C/minute or less is used due to concern for loss and lack of growth of 
formed defects during heat treatment at 450°C to 600°C if heating occurs rapidly at a rate in excess of 
5°C/minute. Furthermore, restriction of holding of temperature within the second temperature region to 

4 hours or less is necessary so that, in the temperature environment of the subsequent epitaxial step, 
those formed defects in the vicinity of the interface beneath the epitaxial layer are lost, while those .' 
formed defects in the wafer interior are made to grow to such an extent that they don't disappear. 

[Working Example 1] 

A mirror-surface silicon wafer containing 14.0 x 10 ,? atoms/cc oxygen (based upon the old 
ASTM standard) was held for 4 hours in the first temperature region (600°C). Thereafter temperature 
was raised at 0.5°C/minute up to the second temperature range (800°C), and temperature was then 
held for 2 hours. Furthermore, upon the mirror-surface wafer heat treated in this manner was grown a 

5 |im thick epitaxial layer by the normal method. 

The silicon wafer treated in this manner was heat treated at 1000°C for 16 hours. Then the 
silicon wafer was cleaved, and defects were observed. 

Figure 1 is a magnified drawing of this cleaved surface. As is made clear by Figure 1, beneath 
the epitaxial layer of this working example, a defect free layer of 10 to 30 jim was formed with good 
control at the surface layer of the silicon wafer itself Also the crystal defects that cause gettering are 
seen to be formed sufficiently within the interior of the wafer. 



[Working Example 2] 

An etched silicon wafer containing 14.0 x 10 17 atoms/cc oxygen (based upon the old ASTM 
standard) was held for 4 hours in the first temperature region (600°C). Thereafter temperature was 
raised at 0.5°C/minute up to the second temperature range (800°C), and temperature was then held for . 
2 hours. Furthermore, the etched wafer heat treated in this manner underwent 15 )um of mirror 
polishing. Thereafter a 5 |im thick epitaxial layer was grown by the nomial method upon this wafer. 

The silicon wafer treated in this manner was heat treated at 1000°C for 16 hours. Then the 
silicon wafer was cleaved, and defects were observed. 

Results were found to be the same as for working example 1. 
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Moreover, in addition to the above mentioned two working examples, various types of 
treatments were carried out in a similar manner by varying according to the composition of the present 
invention the first temperature region, the second temperature region, the holding time, and the rate of 
heating from the first temperature region to the second temperature region. However, nearly the same 
results were obtained as were seen during the above mentioned two working examples. 

[Reference Example 1] 

A mirror-surface silicon wafer containing 14.0 * 10 17 atoms/cc oxygen (based upon the old 
ASTM standard) was held for 4 hours in the first temperature region (600°C). Thereafter temperature 
was raised at 0.5°C/minute up to the second temperature range (1000°C), and temperature was then 
held for 2 hours. Furthermore, upon the mirror-surface wafer heat treated in this manner was grown a 
5 ^m thick silicon epitaxial layer by the normal method. 

The silicon wafer treated in this manner was heat treated at 1000°C for 16 hours. Then the 
silicon wafer was cleaved, and defects were observed. 

Figure 2 is a magnified drawing of this cleaved surface. As is made clear by Figure 2, beneath 
. the epitaxial layer of this reference example, almost no defect free layer was formed at the surface layer 
of the silicon wafer itself. Numerous defects were seen to protrude into the epitaxial layer. 

In other words, when the temperature equivalent to the second temperature region is 1000°C, 
crystal defects growth progresses to a large size. During the epitaxial step, defects remain beneath the 
interface with the epitaxial layer, and it is understood that defect protrude into the epitaxial layer which 
is required in the end to be defect free. 

[Reference Example 2] 

An etched silicon wafer containing 18.0 * 10 i7 atoms/cc oxygen (based upon the old ASTM 
standard) was held for 4 hours in the first temperature region (600°C). Thereafter temperature was 
raised at 0.5°C/minute up to the second temperature range (1000°C), and temperature was then held 
for 2 hours. Furthermore, the etched wafer heat treated in this manner underwent 15 jam of mirror 
polishing. Thereafter a 5 ^m thick epitaxial layer was grown by the normal method upon this wafer. 

The silicon wafer treated in this manner was heat treated at 1000°C for 16 hours. Then the 
silicon wafer was cleaved, and defects were observed. 

. Results were found to be the same as for reference example 1. 

Moreover, in addition to the above mentioned two reference examples, various types of 
treatments were carried out in a similar manner while setting the temperature equivalent to the second 
temperature region to at least 1000°C by varying according to the composition of the present invention" 
the first temperature region, the holding time, and the rate of heating from the first temperature region to 
the second temperature region. However, nearly the same results were obtained as were seen during 
the above mentioned two reference examples. 

[Results of the Invention] 

Since defects can be controlled by setting the second temperature region to 750°C to 900°C 
according to the production method of the present invention. Defects dissolve or diffuse outwardly in 
die temperature environment of the subsequent epitaxial step so that a defect free layer can be formed 
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beneath the interface with the epitaxial layer. Therefore defects don't protrude into the epitaxial layer. 
Therefore product yield improves, and productivity increases. 

4. Simple Explanation of Figures 

Figure 1 is a magnified cut-cross-sectional image of a silicon wafer produced using the 
manufacturing method according to the present invention; 

Figure 2 is a magnified cut-cioss-sectiohal image of a silicon \vafer produced using the • % 
conventional manufacturing method. 

1 .... silicon wafer 

2 .... epitaxial layer 

3 .... defect * . . . . . 

4 .... . defect free layer 

Applicant: Komatsu Electronic Metals Co., Ltd. 
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(Separate Sheet) 
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[Figure 2] 
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Amendment of Proceedings (formal) 



August 2 1st, 1990 



Commissioner of the Patent Office 

1. Case Identification 

' ' r ~""- T Patent Filing No. Hei T-323789 - ^ - ^ ^ - - ^ ^ - 

2. Title of the Invention 

Method for Production of a Semiconductor Device 

3. Amending Party 

Name: Komatsu Electronic Metals Co., Ltd. 

Address: 2612 Shinomiya 

Hiratsuka-shi, Kanagawa-ken 
Representative: Kazuto TOGINO 

[TRANSLATOR'S NOTE: The source text has no item nor 4 within this amendment of 
proceedings.] 

5. Date of Amendment Order (shipping date) 

March 3rd, 1990 

6. Item to be Amended 

Column of the simple explanation of figures of the specifications. 

7. Content of Amendment 

As per the separate sheet. 
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4. Simple Explanation of Figures 

Figure 1 is a drawing of metal decoration of a silicon wafer produced using the manufacturing 
method according to the present invention. 

Figure 2 is a drawing of metal decoration of a silicon wafer produced using the conventional 
manufacturing method. 

1 .... silicon wafer 

2 .... epitaxial layer 

3 .... defect 

4 .... defect free layer 

Applicant: Komatsu Electronic Metals Co., Ltd. 
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Amendment of Proceedings (formal) 

December 19th, 1990 

Commissioner of the Patent Office 

1. Case Identification 

Patent Filing No. Hei 1-323789 " 

2. Title" of the Invention 

Method for Production of a Semiconductor Device 

3. Amending Party . 

Name: Komatsu Electronic Metals Co., Ltd. 

Address: 2612 Shinomiya 

Hiratsuka-shi, Kanagawa-ken 
Representative: KametoTOGINO 
Telephone: 0463-23-1085 

4. Date of Amendment Order (shipping date) 

November 27th, 1990 

5. Object of Amendment 

Figure 1 and Figure 2 of the figures. 

6. Content of Amendment 

As per the separate sheet. 
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PURPOSE:To form a nondefective layer also under the interface between a substrate and an epitaxial layer, 
by holding a semiconductor silicon substrate in a first specified temperature range, increasing the 
temperature at a specified rate, from the first temperature range to a second specified temperature range, 
and holding the substrate for a period shorter than or equal to a specified interval. 

CONSTITUTIONS semiconductor silicon substrate 1 is held for 8 hours or less in a first temperature range 
from 450 deg.C to 600 deg.C. The temperature is increased from the first temperature range to the second 
temperature range from 750 deg.C to 900 deg.C, at a rate of 5 deg.C/min. The substrate is held for 4 hours 
or less in the second temperature range. An epitaxial layer 2 is formed on the surface of the semiconductor 
silicon substrate 1 after the holding in the second temperature range is finished. That is, by setting the 
second temperature range to be from 750 deg.C to 900 deg.C, the size of a defect is restricted within a 
radius capable of dissolution and outward diffusion in the temperature range of a subsequent epitaxial 
process. Hence the dissolution and outward diffusion of defects are progressed. Thereby a nondefective 
layer 4 of about 1 0mum in thickness is formed under the interface between the substrate surface and the 
epitaxial layer. 
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